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Nodal superconductivity is observed in LiFeP while its counterpart LiFeAs with similar topology and or-
bital content of the Fermi surfaces is a nodeless superconductor. We explain this difference by solving, in the
two-Fe Brillouin zone, the frequency-dependent Eliashberg equations with spin-fluctuation mediated pairing
interaction. Because of Fermi surface topology details, in LiFeAs all the Fe-t2g orbitals favor a common pairing
symmetry. By contrast, in LiFeP the dxy orbital favors a pairing symmetry different from dxz/yz and their
competition determines the pairing symmetry and the strength of the superconducting instability: dxy orbital
strongly overcomes the others and imposes the symmetry of the superconducting order parameter. The leading
pairing channel is a dxy-type state with nodes on both hole and electron Fermi surfaces. As a consequence, the
dxz/yz electrons weakly pair leading to a reduced transition temperature in LiFeP.
PACS numbers: 74.20.Pq, 74.70.Xa, 74.20.Rp
Identification of the characteristics of the electronic struc-
ture that cause nodal or nodeless superconducting gap sym-
metry has been one of the outstanding problems in the field of
iron-based superconductors (FeSCs). [1] For the 1111 family,
it has been suggested that the ratio between nearest-neighbor
hopping and next-nearest-neighbor hopping within the dxy or-
bital [2] , t(1)xy,xy/t
(2)
xy,xy , controls the spin excitation spectra
and hence is a possible switch between nodeless high-Tc and
nodal low-Tc pairings. [1, 3–5] In the strong coupling picture,
the hopping ratio determines the ratio between nearest and
next-nearest antiferromagnetic exchange couplings J1 and J2.
While J2 promotes nodeless s+−- or dxy-wave superconduc-
tivity, J1 induces nodal s+−- or dx2−y2 -wave superconductiv-
ity. [1] Iron-based superconductors usually show next nearest-
neighbour superconductivity with J1/J2 < 1. Assuming a
nodeless s+−-wave at large J2, increasing J1 frustrates that
pairing symmetry and eventually induces nodes and reduces
Tc.
The spin-fluctuation mediated pairing interaction is repul-
sive, requiring a sign changing gap function. Once the inter-
pocket interaction dominates, pairing is driven by scattering
between hole and electron pockets, with a sign change of the
superconducting (SC) gap between pockets. Otherwise, pair-
ing is due to a direct interaction within hole or within electron
pockets with a sign change of the SC gap, leading to nodes
on each pocket. [6] In the 1111 family, a variation in t(1)xy,xy
can cause disappearance of the Fermi surface (FS) around the
M -point in the unfolded Brillouin zone (BZ) and band recon-
struction among Fe-t2g bands with a large variation of the dxy
portion. [1, 3] The disappearance of this hole pocket, for in-
stance from LiFeAsO to LiFePO, makes inter-pocket scatter-
ing weaker and hence gives a relatively more important role to
the scattering between electron pockets. This in turn induces
nodes on these pockets if the repulsive intra-pocket pairing
interaction is strong enough.
Structural factors, such as Fe-Fe distance and pnictogen
(PN) height, or PN-Fe-PN bond angle, have been used as
proxy for the hopping ratio. [7] It is shown that the SC transi-
tion temperatures, Tc, is correlated with the PN-Fe-PN bond
angle and is maximum for bond angles closer to the prefect
tetrahedron value of 109.47 ◦. [8]
The above explanation for the electronic reconstruction due
to iso-electronic P doping on the As site and its consequence
on superconductivity can be questioned for the 111 family
since all 111 compounds have similar topology and orbital
content of the FSs but the low-energy quasi-particle excita-
tions in the SC state varies: LiFeP (Tc ' 5 K) [9] has a nodal
gap structure [10] in contrast to the fully gapped SC state in
LiFeAs (Tc ' 18 K) [11]. Furthermore, the Fe-PN-Fe bond
angle is ' 108.59 ◦ and ' 102.79 ◦ in LiFeP and LiFeAs, re-
spectively. [12] The bond angle in LiFeP is close to the bond
angle that maximizes Tc in the 1111 family, yet LiFeP has a
smaller Tc than LiFeAs. It thus remains unclear what parame-
ter controls the nodal/nodeless competition in the 111 family.
This competition is most likely between nodeless s+− and
nodal dxy that can be caused by similar spin fluctuations.
Here we focus on LiFeP and LiFeAs of the 111-family. We
employ spin-fluctuation mediated pairing by considering both
the Fe-3d and P-3p or As-4p orbitals in the two-Fe unit cell.
We solve the linearized Eliashberg equations to investigate SC
pairing and gap symmetry. We find that the important factor is
whether different orbitals collaborate or compete in imposing
a SC gap symmetry. As we will see, spin fluctuations in LiFeP
come from better nested FSs for the dxy orbital relative to the
dxz/yz orbitals. Hence, the dxy orbital imposes its preferred
pairing symmetry. Consequently, LiFeP exhibits strong dxy
and very weak dxz/yz Cooper pairing.
Electronic structure It is important to discuss first the
electronic structure before moving to the charge and spin fluc-
tuations that are at the origin of pairing. Theoretical studies
of FeSCs have shown that the correlation strength depends on
the Fe-PN-Fe bond angle and is strongly enhanced when this
angle is decreased. [13, 14] Consistent with this result, trans-
port measurements [15] and de Haas-van Alphen study [10]
have revealed a weak correlation strength in LiFeP. Hence an
LDA calculation should suffice to obtain its electronic struc-
ture. [16] The LDA electronic structure calculation shows that
the spectral weight at the Fermi energy arises from Fe t2g or-
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FIG. 1. (Color online) Partial spectral weight, All(k, 0), of Fe t2g-
orbitals on the FS in the kx-ky plane with kz = 0 (left), and kz =
pi/c (right) obtained from the LDA calculation for LiFeP (top panels)
and LiFeAs (bottom panels) . Here the dxy , dxz , and dyz orbitals are
illustrated by green, blue and red colors, respectively. Note that along
the diagonal the dxz , dyz orbitals have equal weight but in plotting
the dxz is masked by dyz .
bitals dxy and dxz,yz . Similar to LiFeAs [17], the FS of LiFeP
consists of three hole-like and two electron-like sheets around
the center and corners of the BZ respectively. Fig. 1 illustrates
the partial spectral weight, All(k, 0), of Fe t2g- orbitals on the
FSs. In both compounds, the two inner hole pockets, α1 and
α2, are predominantly from dxz and dyz orbitals. The smallest
hole pocket crosses the Fermi level in close vicinity to the Γ
point. It hybridizes with the dz2 orbital near the Z point and is
closed. Both compounds have the large hole-like FS originat-
ing purely from in-plane dxy orbitals. The electron pockets,
β1,2, are from an admixture of dxy , dxz and dyz orbitals. They
intersect at small kz and their order flips, i.e., the inner pocket
at kz = 0 is the outer pocket at kz = pi/c.
In comparison with LiFeAs, the α1 pocket is bigger and
extends further away from the Γ point in LiFeP. The two in-
ner hole bands are deeper than the corresponding bands in
LiFeAs, while the outer hole band is slightly shallower. This
brings middle and outer hole pockets of LiFeP in close vicin-
ity of each other for all kz . Moreover, bands are also wider
in LiFeP consistent with weaker correlation effects. Wider
bands lead to different Fermi velocity and more itinerant elec-
trons and holes in LiFeP.
Spin/charge and pairing susceptibilities Single-particle
excitations in the vicinity of the FSs influence the particle-
hole (p-h) and particle-particle (p-p) susceptibilities in-
volved in pairing. Let us begin with bare susceptibil-
ities in the p-h channel defined as [χ0ph(Q)]l1l2;l3l4 =
−(kBT/N)
∑
K GK+Q,l1l3GK,l4l2 , where G denotes the
propagator [18] , l1, . . . , l4 are combined ion (or sublattice)
and orbital indices and we have defined K ≡ (k, ωm) as
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FIG. 2. (Color online) Comparison between several components of
the p-h bare susceptibility of LiFeP (top panel) and LiFeAs (bottom
panel) at kBT = 0.01 eV.
momentum-frequency four-vectors and N as the number of
points in the BZ. In Fig. 2 the dominant components of
χ0ph(q, νn = 0) for LiFeP are compared with their counter-
part in LiFeAs along a high-symmetry path. In what follows,
we focus on the Fe-1 and Fe-2 (on A and B sublattices re-
spectively) t2g orbitals: dxy will be referred as 2 (7) and dxz
and dyz orbitals as 4 (9) and 5 (10). As can be seen from
Fig. 2, all components of the LiFeP susceptibility are smaller
than the corresponding components of the LiFeAs suscepti-
bility, which implies that with similar interaction strength,
LiFeAs is more unstable toward a magnetic instability. In both
compounds, the dominant component of χ0ph is the dxy intra-
orbital component, [χ0ph]22;22 (= [χ
0
ph]77;77 = [χ
0
ph]27;27),
with commensurate (incommensurate) peaks around the M
and A points for LiFeP (LiFeAs). These peaks are coming
from nesting between the hole and electron pockets.
Despite their resemblance, the nesting conditions for dif-
ferent orbitals change between the two compounds. In order
to quantify this, we introduce the ratio r ≡ [χ0ph(M − δ) −
χ0ph(Γ)]/χ
0
ph(Γ) as a measure of nesting between portions of
the hole and electron pockets with the same orbital content.
M − δ denotes the momentum of the commensurate or in-
commensurate peak at the center of the BZ (δ is zero for LiFeP
while it is finite for LiFeAs). This ratio for different orbitals
in LiFeP are rdxy ' 0.48 and rdxz/yz ' 0.35 while they are
rdxy ' 0.29 and rdxz/yz ' 0.37 for LiFeAs. Thus, nesting is
better for dxy in LiFeP, while it is better for dxz/yz in LiFeAs.
The generalized bare susceptibility in the p-
p channel is given by
[
χ0pp(0)
]
K,l1l2;K′,l3l4
=
(N/2kBT )GK,l1l3G−K,l2l4δK,K′ . [19] Fig. 3 shows
the real part of several components of (kBT/N)χ0pp(0) at the
lowest fermionic frequency. The intra-orbital components are
purely real and show relatively sharp peaks at the position
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FIG. 3. (Color online) Real part of several intra-sublattice compo-
nents of the generalized p-p bare susceptibility, (kBT/N)χ0pp(0), at
the lowest fermionic Matsubara frequency.
of FSs. The peak heights are directly proportional to the
corresponding orbital weight on the FSs and inversely
proportional to the Fermi velocity. They get narrower by
reducing temperature. [20] A close comparison between the
two compounds shows that the double peak structure around
M for dxz/yz components is strongly reduced in LiFeP.
This leads to a suppression of the gap functions for these
components. The dxy component differs less between the
two compounds. Apart from a variation in peak height in the
Γ-A direction, in LiFeAs the peak in the Γ-X direction is
larger than the peak in Γ-M direction, which leads to a larger
SC gap in this direction on the γ pocket. [17] The relative
magnitude of the two peaks is opposite in LiFeP and one
would expect the SC gap to be maximum in the direction
toward the M -point on the γ pocket. This is consistent with
a dxy-wave or a with a s+−-wave gap symmetry with an
angle-dependent SC gap which maximizes in this direction. It
is worth noting that this analysis is possible due to the purely
dxy orbital content of this pocket, otherwise orbital content
variation and pairing interaction angular dependence also
play roles.
SC instability and pairing interaction A SC instability oc-
curs when the pairing susceptibility diverges as one lowers
temperature. The condition for an instability yields the lin-
earized Eliashberg equation, defined as (for zero center of
mass momentum of Cooper pairs) [19, 21]
−(kBT
N
)2
∑
K′K′′,l3...l6
[
Γirr,s(0)
]
K,l1l2;K′,l3l4
×
[
χ0pp(0)
]
K′,l3l4;K′′,l5l6
∆K′′,l5l6 = λ(T )∆K,l1l2 , (1)
where Γirr,s is the effective pairing interaction in singlet
channel and ∆l1,l2(k, iωm) is the gap function. In the
random phase approximation (RPA), Γirr,s, is given by
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FIG. 4. (Color online) Comparison between several components of
the ladder vertex, Πph, of LiFeP (top panel) and LiFeAs (bottom
panel) in the particle-hole channel for two sets of screened interac-
tion parameters that yield the same magnetic Stoner factor: Js =
0.33Us, Us = 1.18 eV for LiFeP and Js = 0.33Us, Us = 0.96 eV
for LiFeAs. The inter-orbital interaction and pair hopping are deter-
mined assuming spin-rotational symmetry.
[Γirr,s(0)]Kl1l2;K′l3l4 = [Λ
irr,s(0)]Kl1l2;K′l3l4 +[Πph(K
′−
K)]l2l4;l3l1 + [Πph(K
′ + K)]l1l4;l3l2 , where the vertex
Λirr,s(0) is irreducible in all channels. [17, 19, 21] The
ladder vertex defined as Πph ≡ −(1/2)Γirr,dχdphΓirr,d +
(3/2)Γirr,mχmphΓ
irr,m accounts for the density/magnetic
fluctuations contribution in the pairing interaction. Here,
χ
d(m)
ph (Q) = χ
0
ph(Q)/[1 + (−)Γirr,d(m)(Q)χ0ph(Q)] and
Γirr,d(m) = Γirr,↑↓ + (−)Γirr,↑↑ denote respectively the
dressed susceptibility and the irreducible vertex function in
the magnetic (density) channel. In RPA, Γirr,σσ
′
is replaced
by a static effective vertex which is parametrized by the
screened intra-orbital Hubbard interaction, Us, and the Hund’s
coupling Js (see SM). [17, 22–24]
Fig. 4 compares the ladder vertex, Πph, of LiFeP and
LiFeAs for material dependent sets of screened interaction pa-
rameters that yield the same magnetic Stoner factor (αmS '
0.96): Js = 0.33Us, Us = 1.18 eV for LiFeP and Js =
0.33Us, Us = 0.96 eV for LiFeAs. [25] Here we only present
the intra-sublattice components, which are repulsive and are
the dominant terms. The most dominant components, i.e. the
intra-orbital ones, pair electrons between portions of the FS
with the same orbital content.
Since the gap equations for different orbitals are coupled
by the inter-orbital components of both the pairing interaction
and of the bare susceptibility in p-p channel, the competition
between the contribution of different orbitals determines the
symmetry of the leading gap function. To gain further insight
into this competition, we solved the Eliashberg equations for
only the dxy orbital and for only the coupled (dxz, dyz) or-
bitals. In both compounds, the leading and sub-leading chan-
4nels for (dxz, dyz) orbitals are conventional s+− and dx2−y2 ,
respectively. This is mainly a consequence of the orbital con-
tents of the FSs illustrated in Fig. 1. However, the leading
and sub-leading channels for the dxy orbital are, respectively,
dxy and s+− pairing states in LiFeP and s+− and dxy pair-
ing states in LiFeAs. Furthermore, the difference between
the corresponding eigenvalues in the two compounds is also
larger for the dxy orbital. Note that both s+− and dxy pairing
states change sign between portions of the hole and electron
pocket which are quasi-nested. Thus, the details of the elec-
tronic structure determine which channel is the leading chan-
nel. Comparison with a calculation at kBT = 0.02 eV shows
that the order of the leading and sub-leading gap symmetries
does not change with reducing temperature.
The reasons for this switch of leading and sub-leading chan-
nels between the two compounds are related to both nesting
and strength of pairing interaction, namely: (i) in LiFeAs
the portions of the γ pocket around θ = 0, pi/2 are better
nested with the portion of the electron pockets that is around
the intersection of the two electron pockets, again around
θ = 0, pi/2, where θ is measured at the Γ and M points with
respect to the kx axis. This is due to the flatness of the FS on
these segments (see SM, Fig. (1)). This leads to an enhance-
ment of the gap function in these regions, favoring the s+−
channel over the dxy channel. In LiFeP, the outer electron FS
at kz = 0 has a butterfly shape (see SM, Fig. (1)). The better
nested portions are those around θ = pi/4, leading to a dxy
pairing symmetry. (ii) the already mentioned change in rel-
ative strength of the χ0pp peaks at Γ-M and Γ-X directions
between the two compounds. Therefore, the leading pairing
channels for different orbitals are cooperative in LiFeAs while
they are competitive in LiFeP. In the full gap equations for
LiFeP, the dxy orbital strongly overcomes other orbitals and
imposes its symmetry, as we now proceed to show. In agree-
ment with previous studies, [26, 27] gap symmetry of the lead-
ing channel of LiFeAs is s+−.
SC pairing symmetry of LiFeP We obtain the gap function
by solving the fully coupled Eliashberg equations. The gap
functions are complex and do not change much between kz =
0 and kz = pi/c, hence we present only kz = 0 results. The
intra-orbital components on the two Fe are equal, while the
intra-sublattice components between one even-parity (dxy)
and one odd-parity (dxz , dyz) orbital, change sign between
two Fe-ions. Hence the superconducting state does not break
parity and glide-reflection symmetry. [17] As a consequence
of the competition between different Fe-t2g orbitals, the lead-
ing pairing channel is a channel with dominant dxy intra-
orbital pairing and B2g symmetry. The inter-sublattice intra-
orbital dxy component is the sub-dominant pairing compo-
nent. The dxz and dyx intra-orbital components are relatively
small and non-degenerate. [28] Due to larger t(1)xy,xy , LiFeP
shows next nearest-neighbor superconductivity with compet-
ing nearest-neighbor Fe-dxy component (see SM for gap func-
tion of LiFeP in the orbital basis). By expanding the intra-
orbital dxy gap function component in terms of harmonics we
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FIG. 5. (Color online) The real part of the in-plane SC gap function
of LiFeP at the lowest Matsubara frequency with largest eigenvalue
in the band representation for the 11th and 12th (hole) bands (top
panels) and the 13th and 14th (electron) bands (bottom panels) for
Js/Us = 0.33. The gap function for the inner (hole) band is very
small comparatively (not shown).
find that ∆1 sin kx sin ky+∆3(sin 2kx sin ky+sin kx sin 2ky)
is a good approximation. This channel is the second sub-
leading channel in LiFeAs. In short, with the same Stoner fac-
tor the dxy Cooper pairs are stronger in LiFeP than in LiFeAs
but, due to the weak pairing strength in the dxz/yz orbitals, the
overall coherent state is weaker and the transition temperature
is lower in LiFeP.
Fig. S3 shows the in-plane gap function of LiFeP in the
band representation for the 11th and 12th (α2 and γ hole)
bands and the 13th and 14th (β1,2 electron) bands. [29] The
gap function has nodes on both hole and electron pockets.
It is relatively small on the two inner hole pockets (the gap
function for α1 hole-band is not shown). The gap function is
zero at θ = 0, pi/2 and increases when approaching θ = pi/4
(the direction toward M -point) on the γ pocket, while the
gap function is maximum at θ = pi/4 (direction toward Γ-
point) on the β pockets and goes to zero when approaching
θ = 0, pi/2 where the two pockets cross. This is what is ex-
pected for dxy pairing symmetry.
Conclusion We solved the full linearized Eliashberg gap
equation for decoupled dxy and (dxz, dyz) orbitals and com-
pared the solutions with that of the fully coupled equations
in order to distinguish what causes the nodal and nodeless
SC gap symmetry observed in LiFeP and LiFeAs respec-
tively. [10] We find that, in spite of the strong resemblance
between the electronic structure of the two compounds, Fe-
t2g orbitals all cooperate in LiFeAs with a preferred s+− gap
symmetry, whereas in LiFeP the dxy orbital favors dxy pairing
symmetry and wins the competition over dxz/yz orbitals that
would prefer s+− and hence are weakly paired. This leads to
the observed reduction of the transition temperature in LiFeP
compared with LiFeAs.
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2Supplementary Material: Nodal versus nodeless
superconductivity in iso-electronic LiFeP and
LiFeAs
Here we first present some details about the irreducible vertex
in RPA. We also present some details about LDA electronic
structure and susceptibility calculations. Then we compare
the dxy partial spectral weights of LiFeP and LiFeAs. Finally,
we present some dominant components of the LiFeP gap func-
tion in the orbital basis.
Irreducible vertex The irreducible vertex function in den-
sity/magnetic channels are defined as: Γirr,d(m) = Γirr,↑↓ +
(−)Γirr,↑↑. In RPA, the irreducible vertex function is
replaced by the antisymmetrized static Coulomb vertex,
Γ0,σσ
′
which, in terms of the interacting part of Hamilto-
nian (1/2)
∑
i
∑
l1...l4
∑
σσ′ I
σσ′
l1l2,l3l4
c†il1σc
†
il2σ′cil3σ′cil4σ is
defined by Γ0,σσl1l2;l3l4 = I
σσ
l1l4,l3l2
− Iσσl1l4,l2l3 and Γ0,σσ¯l1l2;l3l4 =
Iσσ¯l1l4,l3l2 , where σ¯ ≡ −σ. For a local interaction the follow-
ing forms for density/magnetic irreducible vertex functions
are obtained
Γ
irr,d(m)
l1l2;l3l4
=

Us(Us) l1 = l2 = l3 = l4
−U ′s + 2Js(U ′s) l1 = l3 6= l2 = l4
2U ′s − Js(Js) l1 = l2 6= l3 = l4
J ′s(J
′
s) l1 = l4 6= l2 = l3
0 otherwise
(S1)
where Us and U ′s denote the screened static local intra- and
inter-orbital density-density interactions while Js and J ′s are
Hund’s coupling and pair-hopping interactions. Due to local-
ity of the interaction the four orbital indices belong to same
ion. We also assume spin rotational invariance so the equali-
tiesU ′s = Us− 52Js [S1] and J ′s = Js are satisfied. Finally, the
fully irreducible vertex [Λirr,s(Q)]Kl1l2;K′l3l4 is replaced by
1
2
(
Γirr,d + Γirr,m
)
transformed to the particle-particle chan-
nel.
In our study we used two sets of screened interaction pa-
rameters yielding the same magnetic Stoner factor. The val-
ues for Us and Js are relatively standard in the literature that
uses the RPA approach for the pairing vertex. We found that
for a given Js/Us ratio changing them within a limited range
does not change the qualitative aspects of our results for the
superconducting state.
Calculation details Both LiFeP and LiFeAs crystallize in
a tetragonal structure with a space group P4/nmm. In our
study the crystal structures are fixed to the experimental struc-
tures. We performed DFT calculations in the Perdew-Burke-
Ernzerhof (PBE) scheme using WIEN2k. [S2] A very dense
k-point mesh is used in the calculation and the convergence
on both charge and energy has reached. An atomic-like ba-
sis set is constructed from the Kohn-Sham bands contained
within a suitable energy window around the Fermi level for
the d shell of Fe, and the p shell of As or P. [S3] Since, all
the orbital with appreciate weight in this energy window are
taken into account, we have an orthonormal projection. Then
the LDA Hamiltonian is projected from the Kohn-Sham basis
to the atomic-like basis.
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FIG. S1. (Color online) Partial spectral weight, Axy,xy(k, 0), of Fe
dxy-orbitals on the FS in the kx-ky plane with kz = 0 for LiFeP
(left), and LiFeAs (right). The color scale is the same for both fig-
ures.
For K summations in the definition of the bare suscepti-
bility in p-h channel, we have used a 32 × 32 × 16 k-mesh
and 1024 positive Matsubara frequencies. A susceptibility
calculation using (3/2)3 more k-point is done along the high-
symmetry path shown in the Fig. 2 of the main text and the
results are indistinguishable on the scale of the figure.
Partial spectral weight Fig. S1 illustrates the LDA par-
tial spectral weight, Axy,xy(k, 0), of Fe dxy-orbitals on the
FS in the kx-ky plane with kz = 0 for LiFeP (left), and
LiFeAs (right). While hole- and electron-pocket portions
around θ = 0, pi/2 are better nested in LiFeAs, the nesting
condition is better around θ = pi/4 in LiFeP. This can be seen
by transferring the hole pocket by a M − δ vector or by com-
paring peaks in the bare (p-p) susceptibility (Fig. 3, main text)
in the Γ−X and Γ−M directions which measure the nesting
in the corresponding directions. M−δ denotes the momentum
of the commensurate or incommensurate peak at the center of
the BZ (δ is zero for LiFeP while it is finite for LiFeAs). θ is
measured at the Γ and M points with respect to the kx axis.
SC gap function of LiFeP in orbital basis Finally, Fig. S2
shows some in-plane intra-orbital intra-sublattice and inter-
sublattice components of the gap function in the orbital
basis. The dxy intra-orbital intra-sublattice and inter-
sublattice components are dominant and sub-dominant com-
ponents of the gap function. The dxz/yz intra-orbital
intra-sublattice components are relatively small leading to
a small superconducting gap on the two inner hole pock-
ets (not shown). The gap function components satisfy
the relation ∆AA(BB)l1l2 (k, iωm) = ∆
BB(AA)
l1l2
(−k, iωm) and
∆
AB(BA)
l1l2
(k, iωm) = ∆
BA(AB)
l1l2
(−k, iωm) which indicate
that the superconducting state does not break parity.
The linearized Eliashberg gap equation is a dimensionless
equation and only gives gap symmetry, not gap magnitude.
But one can define a Bogoliubov quasi-particle Hamiltonian
and employing the gap function obtained from the gap equa-
tion as an estimate of the anomalous self-energy to approxi-
mately extract the SC gap on the different FSs. Fig. S3 demon-
strates the angular dependence of the SC gap on γ and β1,2
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FIG. S2. (Color online) For Js/Us = 0.33 and kBT = 0.01 eV,
the real part of the in-plane intra-orbital intra-sublattice (top) and
inter-sublattice (bottom) components with the largest eigenvalue in
the orbital representation of the LiFeP SC gap function at the lowest
Matsubara frequency.
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FIG. S3. (Color online) The SC gap magnitude (in arbitrary unit)
as a function of the angle θ measured at the Γ and M points with
respect to the kx axis for kz = 0. The SC gap on the α1,2 pockets
are relatively small.
FSs. The SC gap magnitudes on the α1,2 pockets are relatively
small (not shown). Due to interchange of electron pockets as
a function of kz , the gap on the inner pocket becomes larger
than that on the outer pocket at a finite kz . Hence, for these
pockets, a direct comparison with ARPES data has to take av-
eraging over a range of kz into account.
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